In stage V, see Figure S1 , no well-defined remnants of the {111}A/B facets can be seen. Only a rough unordered surface remains (edges in the image) approximately corresponding to {112} type planes. 
Nonlinear growth rate
When imaging the {111}A/B facets along TSL segments, it was found that the overgrowth was not constant over time, but rather accelerated as time progressed. Such acceleration could be caused by a non-linear nucleation rate, i.e. the time between nucleation events at the twin plane of the concave interface decrease over time resulting in new layers forming more and more rapidly, or due to a material limited growth. A non-constant nucleation rate can be ruled out as it would give rise to a non-linear growth of the {110} facet, but a linear growth of the {110} facet width was measured, see Figure S2 . The width of the {110} facets, the depths of the V-groove pockets as well as widths of the concave interface were measured for several grooves, interfaces and twin boundaries along a top Zb segment. They all show a linear trend with respect to distance from the Au-particle, i.e. overgrowth time, indicating that the rate of forming overgrowth layers on the facets must have been constant along the NW, and thus over time. This suggests that a limitation in material supply is causing the non-linearity in the growth rate. 
Growth rate vs. Nucleation rate on {111}B
A ratio between the step flow growth of a triangle shaped overgrowth layer and the nucleation rate along the {111}A/B interface line can be roughly estimated by assuming that the size of a triangle is correlated with the time of nucleation of that layer, meaning that a large triangle nucleated before a smaller one, i.e. triangle N1 in figure S3 nucleated before triangle N2, N3 and N4. This in turn assumes that the growth rate is the same for all step edges during a time scale corresponding to a few nucleation events. Measuring the distance from the nucleation site at the interface to the step edge of a triangle along the <111>B directions, see Figure S3 , an estimate of how far this step edge has grown since its nucleation time can be obtained. By comparing such measurements from triangles which nucleated after each other, an estimate of how far a step edge grows in between two nucleation events is obtained. This calculation gives that a step edge grows roughly 2.0 nm, with a standard deviation of 1.9 nm, before a new nucleation event occurs along the interface. 
The effects of hydrogen cleaning
During transport in air (from the MOVPE growth reactor to the STM) the NW surfaces will form a thin layer of native oxide. In order to study oxide-free NW surfaces, a cleaning procedure was performed by annealing the samples to 380 ℃ in an atomic hydrogen atmosphere with a pressure of 2 • 10 ି mbar for 20-40 min. A relevant point is to which degree of accuracy the morphology of the as grown nanowires is retained. The oxidation that InAs NWs (and planar surfaces) experience upon exposure to air has been studied in detail by X-ray photoelectron spectroscopy (XPS) [1] . This shows that the native oxide formed on these nanowires is ~10Å, which is even less than on corresponding planar substrates. Since the density of As and In in the oxide is less than in pure InAs, this indicates that only very few atomic layers are dissolved in the oxide. This is also corroborated by TEM measurements of similar type of NWs, which show that the surface oxide must be very thin and homogeneous [2] [3] [4] . This is indicative of a homogeneous self-limited native oxide growth on InAs nanowires (as is also found on planar surfaces). This is also consistent with only very small changes in the NW oxide thickness even after exposures to ambient air for months. The next relevant question is then the effect of the hydrogen cleaning on the nanowires. During STM characterization, we have to perform new cleaning procedures of the nanowires regularly; this is mainly because they start to re-oxidize after some days in the STM due to the presence of small amounts of Oxygen and water in the STM chamber. Our re-cleaning procedures results in no changes of the atomic scale structure and morphology of the nanowires as we could see from measurements of several nanowires before and after. To further directly investigate the influence of the oxidation/reduction on the nanowire morphology, it is highly useful to do experiments where nanowires have been initially cleaned and their morphology determined by STM, whereupon the same sample of nanowires have been exposed to ambient air for 30min or longer and then re-cleaned. We have on some occasions transferred the same InAs NW sample in and out of vacuum and thus re-cleaned wires to perform such experiments. From these measurements we know that the Oxidation and hydrogen cleaning does not change the overall morphology of the InAs nanowires and results in no new atomic scale reconstructions on the surface.
To further ensure that the original cleaning did not cause major changes we have checked that the STM image profiles, of hydrogen cleaned InAs NWs, projected along the directions of TEM images of similar NWs are identical to the profiles observed in the TEM images. While a homogeneous Oxidation followed by a homogeneous Oxide removal can leave the surface rather untouched, we should also be able to find cases where the Oxidation makes a difference. So to further investigate the influence of oxidation and hydrogen cleaning on the atomic-scale surface structure, we have also performed so called cross-sectional STM (XSTM) experiments [5] . By cleaving an InAs(001) substrate in vacuum, a clean and welldefined InAs(110) surface is obtained. The cleaved sample is defect free except for occasional steps; the surface has the same unreconstructed atomic structure as found on the nanowires [6] . First, the cleaved sample is cleaned in atomic hydrogen following the same procedure as used for the NWs. This results in exactly the same type of atomic scale and step structure as prior to the cleaning. The sample was then exposed to ambient air for 30 min followed by a hydrogen cleaning procedure as described above. This still leaves the original step structure intact to the level of a few atomic rows, however on larger terraces one can also note a formation of small single monolayer islands with an diameter of 10-20nm.These islands are not observed in areas with high step density, as would be the case for nanowires with diameters as found in the present study. They are also not observed on the (110) terraces of the nanowires of the present study. Their origin is presumably due to the regrowth of InAs from the Oxide occurring on the large terraces and will be discussed in detail elsewhere [7] .
